P
ersons with traumatic brain injury (TBI) are at an increased risk for a premature death. TBI is a primary cause of mortality in Canada, especially among young men, where published estimates of head injury associated death are 21 per 100,000. 1 TBI also accounts for one-third of injury deaths in the United States. 2 This constitutes a major health problem. [1] [2] [3] [4] Further, while a significant proportion of head injury deaths occur a short time after the injury, a person with TBI who recovers during this acute period may still have a substantially reduced life expectancy and poor outcome. [5] [6] [7] This, however, has not been studied in large trauma populations.
Decreased life expectancy in the postacute period after TBI has been documented in populations of war veterans and also in persons discharged from rehabilitation hospitals and single tertiary care centers. 8 -18 Recently, this has been shown in two population-based studies. 19, 20 In terms of predictors of postacute mortality, age at time of injury and time since injury have been shown to be important. 8, 11, 12, 14, 19 Variables relating to injury severity-Injury Severity Scores (ISS), location of lesion, posttraumatic amnesia-that have been useful predictors of acute mortality appear to be poor predictors during the postacute period. Among the strongest predictors of postacute mortality are preexisting comorbid conditions such as psychosocial and psychiatric problems 5, 8, 11 and epilepsy. 9, [15] [16] [17] [18] Poor scores on functional measures 5, 8, 11, 13, 15 (mobility, eating, or grooming, for instance) have also been found to be significant predictors of premature death. Poor mobility at discharge, for instance, has been shown to more than double standard mortality ratios. 14 There is evidence that the causes of death in persons with TBI who survive beyond the acute phase may be different from those in the general population. 8, [13] [14] [15] This has been demonstrated even in cases when no differences were found in mortality rates. The causes of death in persons with TBI include cardiorespiratory disease, circulatory diseases, and chronic coma sequelae. Interestingly, there have been suggestions of a link between walking and cause of death as many of the fatalities of TBI patients may be due to a more sedentary lifestyle. 8 For example, Shavelle et al. 15 found that estimates of mortality from cardiovascular or respiratory diseases varied inversely with mobility (attaining much higher values in those with greater levels of restriction).
These studies have provided important information. Studies of war veterans and selected rehabilitation samples, however, may not be generalizable to those injured in the general population. Current population based studies have had a limited follow-up period (1 year) 19 or limited power to detect significant differences as a result of few deaths in the postacute period. 20 In addition, there is a need for more studies on larger populations with longer follow-up periods.
Few studies have included control populations in the study of postacute mortality. The one study that has used such an injury control group to compare mortality rates was a study of Korean and WWII veterans. Corkin et al. 9 found no differences between brain injured and peripheral nerve injured controls in their study, which would corroborate more recent suggestions. However, this result must be interpreted with some caution because there is no mention of how well matched the two groups were in their level of mobility, or whether this variable was taken into consideration at all. The sample size used in this study (n ϭ 190) was also among the lowest of previous studies.
The present study investigated the rate of postacute mortality-that is, mortality 1 year or more after the initial injury-in a large population of severely injured persons. This study used a population-based registry that included all cases of severe TBIs from all major trauma centers in the Province of Ontario, Canada with a 9-year follow-up period. Standardized mortality rates (SMRs) were examined for a number of predictors of mortality including discharge status that has not been considered in previous research. An identification of higher risk profiles can provide the basis for more effective postdischarge care to improve outcomes.
The TBI population was compared with a large population of persons who experienced low-extremity trauma during the same period. This comparison would analyze whether mortality rates and factors that predict mortality are related to effects of TBI per se, or whether they are related to complications that may be common to other types of severe trauma.
PATIENTS AND METHODS

Subjects
The study used a retrospective cohort design. Eligible participants who had a TBI between April 1, 1993 and March 31, 1995 were identified in the Ontario Trauma Registry (OTR). All participants were 15 years of age or older at the time of injury, and all had ISS over 12 with the following DRG International Classification of Diseases-9 th Rev. (ICD-9) codes for head injury: 800, 801, 803-804, and 850-854. These cases were compared with another cohort of patients identified by the OTR during the same time period as having a lower extremity injury with no head injury involvement (ICD codes: 820-829, 835-838, 843-845, 890-897, 904, 916-917, 924, 928, 945, 956). The reason why lower extremity injuries were chosen as a comparator for head injuries was because there was less chance of overlap, that is, less chance of having subjects who had injuries at both sites. By having an additional trauma reference group in addition to the general population, we can assess the relative contribution of the TBI in relation to another trauma injury group.
Data Sources
The data for the project was built by linking the OTR and the Registered Persons Data Base (RPDB). The OTR was developed to provide comprehensive, accurate, and timely population-based information about injury in the Province of Ontario. The database itself identifies, describes, and quantifies traumatic injury and death including risk factors and type of injury. It was also designed to provide a scientific basis to facilitate injury prevention programs, to evaluate preventive measures and legislative changes, and to aid in decisions regarding resource allocation. 21 The OTR consists of two levels of detail: the Minimum and Comprehensive Data Sets (MDS and CDS). The MDS includes information on all patients admitted to acute care hospitals in the province as a result of injury. This data set provides population-based estimates of people province-wide for all levels of injury severity. The CDS is a subset of the MDS containing records for injuries with an ISS greater than 12. It contains much more information including provincial health card numbers that can be used to link data from death registries. In addition, it provides more detailed information on severe injuries and fatalities from the 12 specialized lead trauma hospitals located throughout the province.
The RPDB from provincial health insurance records was used to confirm death in persons with TBI and with a lower extremity injury. The RPDB is a database containing basic demographic data on all residents of Ontario with a health card number. Included in the RPDB is the date of death if the person is deceased. Mortality data from OTR was inappropriate because it contains information on deaths before hospital admission as well as deaths occurring during hospitalization. Thus, this data set does not capture postacute death. It was therefore necessary to rely on the RPDB for the outcome measure in this study.
Data Collection
Data from the RPDB was merged with the OTR using provincial health insurance card numbers, an identifier that was common to both datasets. This was performed by the staff at the Institute for Clinical Evaluative Sciences who are one of the provincial entities that can conduct this merge using a confidential identifier. Personal identifiers were removed once the merge was completed.
Variables
Baseline information about study participants was obtained from the OTR. Study variables were classified as preinjury, injury, or postinjury categories. Preinjury sociodemographic variables included age at time of injury (stratified into 5-year intervals for SMR analysis), gender, and rural versus urban dwelling (based on postal code). The number of comorbidities at time of injury, including the presence of mental health diagnoses was also categorized as preinjury. These were identified through discharge abstract codes.
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Variables at time of injury included the mechanism of injury (motor vehicle and other transportation crashes, falls, and "other") which was derived from E-codes. The ISS was also used, based on the highest Abbreviated Injury Scale (AIS) score 22 during acute stay in hospital. The ISS 23 is an index of overall severity useful for persons sustaining multiple injuries. In cases where no AIS score was available, an AIS score was assigned using the Glasgow Coma Scale (GCS) score based on expert review: GCS values less than 8, from 8 to 12, and 13 or greater were assigned MaxAIS values of 4, 3, and 2, respectively. GCS scores were not, however, used as a variable because it was incomplete across the registry. For analyses examining mortality in TBI cases only the AIS score for the head and neck was used to provide a measure of TBI severity. An AIS score of Ͻ3 was considered mild, 3 was considered moderate, and Ͼ3 was considered severe. This coding system has been used by other investigators. 19 For the purpose of our analyses, we examined AIS scores by each level and then in the multivariate examined severe injuries versus moderate or severe since we anticipated small numbers of mild cases leading to unstable estimates. The presence of comorbid mental health problems, including any substance abuse present after the injury, was derived from the ICD codes. Psychiatric comorbidity was also examined independently and derived from ICD codes (ICD 290-319) as it is considered a major comorbidity in this population and associated with earlier death.
Postinjury variables included whether injured persons were sent home or to some other location after discharge (other hospital, nursing home, etc.), and whether the visit to hospital for the injury was due to a previous crash that required admission to a trauma center.
Other potential variables that were available in the database such as the GCS, and the Ranchos Los Amigos Score were considered for the analyses. However, they were not 
Mortality
Postacute death was defined as death 1 year or more after discharge. The RPDB provided the date of death. The length of follow-up was until December 31, 2002 providing up to 9 years of follow-up.
Analysis
Descriptive analyses were first employed to characterize the study sample and to generate frequencies of causes of death of deceased participants. Using a Poisson regression, we estimated the SMR and compared them to observed SMRs from published death rates to examine which (univariate) baseline variables affected the SMR.
Poisson regression analysis was also used to model risk of death compared with the expected number of deaths during the time of exposure. This was performed by using standard methods to calculate the probability of death for the time of exposure to death from the published death rate. The time of exposure to death was analyzed to be the interval beginning when the study participant was discharged from hospital care to the time of death. If the person did not die, time of exposure ended at the end of the data collection year. The GENMOD procedure in SAS (Version 8.02) was used to carry out two sets of analyses: one including both TBI cases and a comparison group and one just with TBI cases that included more specific TBI injury measures. The rationale for comparing cases and controls was to test for the effect of the TBI versus another trauma population controlling for factors related to postacute mortality. For the multivariate analyses, 
RESULTS
A total of 3,278 cases meeting criteria for injuries were found in the CDS during a 2-year period. TBI cases totaled 2,721, and the lower extremity cases totaled 557. The TBI group, typical of this population, was predominantly men (71%), as was the case for the lower extremity group (67%). Persons with TBI made up a lower percentage of injuries sustained under the age of 40 (53% vs. 60%), but a higher percentage over the age of 70 (13% vs. 8%). In the TBI group, 25% of injuries were due to falls and 64% to motor vehicle crashes (MVCs). In the lower extremity group, 17% were due to falls and 73% to MVCs.
Univariate Comparisons for Injury Groups Combined
Effects of variables of the TBI and lower extremity injury groups combined are shown in Table 1 . The two sites of injury are combined in this analysis to provide basic descriptive data. A comparison of SMRs showed that mortality was significantly higher in the TBI group (2.90 vs. 2.26, p ϭ 0.046). The only preinjury demographic variable that significantly affected mortality rates was age (SMR ranges from 2.09 to 8.62, p Ͻ 0.0001), with persons less than 50 years of age generally having the higher than expected mortality rates. There were no differences in the SMR for gender (women ϭ 2.72, men ϭ 2.85), or whether they lived in a rural or urban setting (2.89 vs. 3.76). The presence of a comorbidity also was related to increased mortality, and there was an especially sharp increase with multiple comorbidities (none ϭ 2.53, one ϭ 2.97, more than one ϭ 4.88; p Ͻ 0.0001). The presence of a psychiatric condition alone almost doubled mortality rates (2.69 vs. 4.61), where the SMR was similar to when there were multiple comorbidities.
There were a number of injury-related variables that significantly affected mortality rates. Higher ISS scores were The Journal of TRAUMA Injury, Infection, and Critical Care significantly associated with postacute mortality ( p Ͻ 0.05). Persons who were injured by MVCs had a lower rate of mortality compared with those who were injured from falls or other types of injuries (2.39, 3.13, and 3.55 respectively; p ϭ 0.0019). For the postinjury variables, there was only a significant increase in mortality in cases for injured persons discharged to places other than their homes (2.01 vs. 3.62; p Ͻ 0.0001), presumably to some postacute rehabilitation or long-term care facility. There were no differences in cases where the hospital visit was a readmission (2.78 vs. 2.81).
Univariate Comparisons for the TBI Group Only
Factors affecting mortality in the TBI group alone (Table  2) were very similar to those in the combined analysis: There were significant differences in mortality for different age groups. Again, there was generally higher mortality for those under the age of 50 compared with the expected death rates. However, there were no differences in the other preinjury variables of gender (women ϭ 2.84, men ϭ 2.93), or urban or rural setting (3.00 vs. 2.88).
For the injury-related variables, there was an increase in mortality if there was one or more comorbidities identified at the time of injury (none ϭ 2.62, one ϭ 3.11, more than one ϭ 5.06, p Ͻ 0.0001). Also the presence of psychiatric disorder increased risk of death (2.82 vs. 4.24, p ϭ 0.0112). Unlike the combined analysis, there were only marginal differences in the mechanism of injury (MVCs ϭ 2.61, falls ϭ 3.04, other ϭ 3.67, p ϭ 0.074). Higher ISS scores coded as a continuous variable (not in Table) were also associated with postacute mortality ( p Ͻ 0.05). One variable that was examined only for the TBI group was the highest MaxAIS for the head and neck area. There were significant differences in SMR at different AIS levels ( p ϭ 0.001) with highest mortality rates among the most severely injured.
Finally, there were significantly higher SMRs for persons with TBI who were discharged to a location other than their homes (2.05 vs. 3.74, p Ͻ 0.0001). However, those who were readmitted to hospital after discharge did not have a higher mortality than those who were not readmitted (2.73 vs. 2.91).
Modeling Using Poisson Regression
Using forward stepwise regression, there were two final models for the analysis; one for cases and controls combined and one for TBI cases only that included variables significant at the 0.05 level. In the first model for cases and controls (Table 3) , the variables that contributed were type of case, age, mechanism of injury, number of comorbidities, presence of a psychiatric disorder, and discharge status. The overall increase risk of mortality for cases and controls combined was 2.95. There was an increased risk of mortality for: cases versus controls, being discharged somewhere other than home with support, the mechanism of injury being a fall or other crash compared with a motor vehicle crash, and having the presence of a psychiatric condition. There is a trend toward an increased mortality rate for the younger age categories and for the greater number of preinjury comorbid conditions. In the second model for TBI cases only (Table 4) , there is an overall increase in mortality rate by 4.28 when the variables age, number of comorbid conditions, discharge status, mechanism of injury, and maximum head injury AIS score are entered. The mechanism of injury with the highest increase in mortality is other injuries, followed by falls and then motor vehicle or transportation-related injuries. There is also a trend toward increased mortality rates for the younger age groups, for the greater number of preinjury comorbid conditions and for the higher maximum AIS for the head injury. The ISS score was not retained in the final model. As in the model for cases and controls, the mortality rate increases if one is discharged somewhere other than home.
DISCUSSION
This study investigated mortality in a large population of severely injured persons in the province of Ontario, Canada and as far as we know, it presents the first Canadian data on this topic. We recognize that our data were not totally populationbased as cases were derived from lead trauma hospitals. In addition, potentially important variables such as the GCS were 
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Volume 64 • Number 4not complete and therefore not included in the analyses to avoid missing data. However, this severity indicator has not been as useful for predicting long-term outcomes. We also were limited to the variables routinely collected by the trauma registry, which did not include more detailed functional measures. Nevertheless, we found that the results of this more population-based study corroborate a number of previous studies. In addition, our data shows that having a TBI puts one at greater risk for death than in a control population of severely injured adults.
In agreement with some previous work, age at injury was very significant, where mortality rate was much higher than expected in the youngest persons with TBI. The SMR decreases with age because although there is a higher raw death rate among the older age groups, the ratio of the raw death rate to the expected death rate actually decreases for the older age groups. This result has been found in some other studies. 5, 14 Our findings also corroborated a more consistent finding that the presence of a comorbid condition, as well as the particular presence of a psychiatric disorder, was associated with a marked increase in mortality rates. 5, 8, [11] [12] [13] [15] [16] [17] [18] [19] The AIS measure of head injury severity was a powerful predictor of mortality, in agreement with Selassie et al. 19 This result contrasts with other measures of injury severity used in previous research 5, 11 which have not been strong predictors possibly because rehabilitation samples span less of a range in terms of TBI severity. Mechanism of injury was also predictive of postdischarge mortality with those in motor vehicle crashes with better outcomes. Persons who benefit from automobile insurance can access more private funded care in Ontario apart from publicly available services. 24 It is not clear whether this is a factor or that persons in motor vehicle crashes are younger. Other reports have shown the effect of insurance status. 19 Our report also highlights discharge destination as a independent predictor of postacute mortality controlling for relevant demographic and injury factors. This is a variable that needs to be investigated further as it could very well be a measure of severity of injury or be an indicator of fewer social resources to assist with home-based care. Our study benefited from a lengthy follow-up period and future research is planned on longer lengths of follow-up.
Our study findings show that serious injuries and more specifically brain injuries can lead to premature death well into the postacute period. These results profile persons most at risk that could potentially benefit from more resources when discharged from trauma hospitals.
